Imatinib promotes osteoblast differentiation by inhibiting PDGFR signaling and inhibits osteoclastogenesis by both direct and stromal cell-dependent mechanisms.
Several lines of evidence suggest that imatinib may affect skeletal tissue. We show that inhibition by imatinib of PDGFR signaling in osteoblasts activates osteoblast differentiation and inhibits osteoblast proliferation and that imatinib inhibits osteoclastogenesis by both stromal cell-dependent and direct effects on osteoclast precursors. Imatinib mesylate, an orally active inhibitor of the c-abl, c-kit, and platelet-derived growth factor receptor (PDGFR) tyrosine kinases, is in clinical use for the treatment of chronic myeloid leukemia (CML) and gastrointestinal stromal cell tumors. Interruption of both c-kit and c-abl signaling in mice induces osteopenia, suggesting that imatinib might have adverse effects on the skeleton. However, biochemical markers of bone formation increase in patients with CML starting imatinib therapy, whereas bone resorption is unchanged, despite secondary hyperparathyroidism. We assessed the actions of imatinib on bone cells in vitro to study the cellular and molecular mechanism(s) underlying the skeletal effects we observed in imatinib-treated patients. Osteoblast differentiation was assessed using a mineralization assay, proliferation by [(3)H]thymidine incorporation, and apoptosis by a TUNEL assay. Osteoclastogenesis was assessed using murine bone marrow cultures and RAW 264.7 cells. RT and multiplex PCR were performed on RNA prepared from human bone marrow samples, osteoblastic cells, and murine bone marrow cultures. Osteoprotegerin was measured by ELISA. The molecular targets of imatinib are expressed in bone cells. In vitro, imatinib increases osteoblast differentiation and prevents PDGF-induced inhibition of this process. Imatinib inhibits proliferation of osteoblast-like cells induced by serum and PDGF. In murine bone marrow cultures, imatinib inhibits osteoclastogenesis stimulated by 1,25-dihydroxyvitamin D(3) and partially inhibits osteoclastogenesis induced by RANKL and macrophage-colony stimulating factor. Imatinib partially inhibited osteoclastogenesis in RANKL-stimulated RAW-264.7 cells. Treatment with imatinib increases the expression of osteoprotegerin in bone marrow from patients with CML and osteoblastic cells. Taken together with recent in vivo data, these results suggest a role for the molecular targets of imatinib in bone cell function, that inhibition by imatinib of PDGFR signaling in osteoblasts activates bone formation, and that the antiresorptive actions of imatinib are mediated by both stromal cell-dependent and direct effects on osteoclast precursors.